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Rearranging table on the effect of urban heat island mitigation technology
by Cool Roof Committee of Architectural Institute of Japan

Target Menu

Heat island
measures

Outdoor thermal
environment

Energy
saving

Other effects Consideration matters
Day
time

Night
time

Day
time

Night
time

Coo
ling

Heati
ng

Roof

Green ◎ ◎ ◎ ◎ ○ ○
Improvement of landscape, ecosystem,

real estate value, customers service,

flood relaxation, environmental education

Maintenance

High reflectance ◎ ◎ - - ○ △
Improvement of indoor thermal

environment
Aging deterioration of performance, reflection

for circumference, heating load increases

Sprinkling ◎ ○ - - ○ -
Outside

insulation △ ○ - - ◎ ◎

Wall

Green ◎ ○ ◎ ◎ ○ ○ Improvement of landscape, ecosystem Maintenance

High reflectance ○ ○ △ ○ ○ △
Improvement of indoor thermal

environment
Aging deterioration of performance, reflection

for circumference, heating load increases

Sprinkling ◎ ○ ○ - ○ - Improvement of landscape
Outside

insulation △ ○ △ ○ ◎ ◎

Road,

Pavement,

Parking,

Open space

Green ◎ ◎ ◎ ◎ - - Improvement of landscape, ecosystem Maintenance

High reflectance ◎ ◎ △ ◎ - - Aging deterioration of performance,
reflection for circumference

Retaining water ◎ ◎ ◎ ◎ - - Rainwater penetration Water reserving condition
Sprinkling ◎ ◎ ◎ ◎ - -

◎: Superior effect is expected, ○: Good effect is expected, △: Opposite effect may happen, -: Not intended

private benefitpublic benefit

(Background)



Evaluation tool for the effect of private benefit
by Prof. Kondo (Tokyo City University)

Calculation result

Annual thermal
road

Annual electricity
cost

Heating

Cooling

Heating

Cooling

Before After

Annual CO2 emission

Saving annual
thermal road

Saving annual
electricity cost

Saving annual CO2 emission

Indoor air temperature without
air conditioner in the afternoon

Air temperature reduction

(Background)
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Evaluation tool for the effect of public benefit
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Evaluation process of
heat island measures effect

Macro-classification
of urban heat island
measure technology:
Surface cover, Exhaust

heat, Ventilation

Improvement of
surface cover

Reduction of
exhaust heat

Improvement of
ventilation

Solar reflectance,
Evaporative efficiency, etc.

Performance
efficiency, etc.

Building cover
ratio, etc.

Surface heat
budget

Heat supply
system

Boundary
layer model

Sensible heat reduction Increase of heat
transfer coefficient

Surface boundary layer model

Air temperature reduction

Main parameter for
each system

Comparison
in the category

Comparison
between the category

Main parameter for
surface boundary

layer model
Sensible heat reduction



Calculation result of Sensible heat flux
and surface temperature at 13:00 averaged in summer

(weather condition: 18 July to 15 September, 2005 at Osaka)

Solar reflectance (Albedo) Solar reflectance (Albedo)
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 : Asphalt (0.044,0)     : Concrete(0.357,0)   : Grass (0.15,0.14)    : High reflectance white (0.74,0)(Solar reflectance, Evaporative efficiency)
 : Retaining water asphalt (0.37,0.084)     : Retaining water concrete (0.153,0.029)      : Retaining water block (0.233,0.035)
 : Asphalt  (by Yoshida)        : Grass and other plants (by Misaka)      : Grass (by Misaka)       : Green wall (by Hagishima)
 : Retaining water  pavement (by Akagawa)     : High reflectance white (by Fujimoto)    : High reflectance black (by Fujimoto)
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(Surface heat budget)



Bare soilGreenCement concrete

Examples of surface heat budget studies
Cool roof whiteCool roof gray

Experiment of the roof

(Surface heat budget)

 

Max: 70℃

Min: 30℃

Max: 38℃

Min: 24℃

Experiment of the parkingAt 12:00 At 21:00



Surface heat budget model
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R: Net radiation (W/m2) V: Sensible heat flux (W/m2)
lE: Latent heat flux (W/m2) A: Conduction heat flux (W/m2)
ρ: Solar reflectance (Albedo) S↓: Solar radiation (W/m2)
L↓: Long wave radiation (W/m2) ε: Emissivity (=1.0)
σ: Stefan-Boltzmann constant (=5.67*10-8W/m2K4)
α: Convection heat transfer coefficient (=4.2v+6.2W/m2K) v: wind velocity (m/s)
Ts: Surface temperature (C) Ta: Air temperature (C)
l: latent heat (=2,512kJ/kg) β: Evaporative efficiency (-)
Cp: Specific heat of air (=1.0kJ/kgK) Xs: Saturated absolute humidity (kg/kg)
Xa: Absolute humidity of air (kg/kg) λ: thermal conductivity (W/mK)
Δz: Distance from surface to first layer (m) Tz1: Temperature in the first layer (C)

Main parameter

(Surface heat budget)



Structure of General Mesoscale Weather
Simulation Model

3000̃5000 m

20̃200 m

Three -dimensional hydrodynamics model

One -dimensional surface boundary layer model

(Urban canopy model)
surface

(Surface boundary layer heat budget)



Outline of upper weather observation

About 8 km About 9 km About 4 km

Nanko Namba Aramoto Ishikiri

57 m

8 m

57 m

84 m

42.5 m45 m

8 m8 m

Sea Land (Urban)

Sea breeze

: Observation point of wind velocity and direction, air
temperature and relative humidity

: Observation point of
air temperature

(Osaka bay) (Osaka plain)

(Central urban area) (Sub urban area)(Coastal industrial area)

Three points in
urban canopy

(Surface boundary layer heat budget)

(Cooperation of Kobe Univ., Osaka City Univ. and Osaka Uni.)



Installation situation of measuring instruments

SouthNorth

West (front) East (beyond)

Measuring instrumentsat Coastal point (Nanko)

(Surface boundary layer heat budget)



Surface boundary layer model
• Sensible heat flux V (W/m2)

αc: convection heat transfer coefficient
       of surface boundary layer (W/m2K）
θ0: upper potential temperature (K)
θa: surface potential temperature (K)

• Convection heat transfer coefficient

   of surface boundary layer

Cp: specific heat of air (=1.0kJ/kgK), γ: density of air (=1.2kg/m
3)

k: karman constant (=0.35), ua: upper wind velocity (m/s),

Fm, Fh: Integral value of universal function (-)
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θa: upper potential
temperature

θ0 : surface potential
temperature

Sensible heat flux
from surface air to
upper air

Sensible heat flux
and anthropogenic
heat release

(Surface boundary layer heat budget)



Estimation results of Convection heat transfer coefficient and quantity of air
temperature rise in the case of additional thermal road of 10W/m2

Convection heat transfer coefficient
(at Osaka tower, averaged from Jul. 1 to Sep. 30 in each year)

Quantity of air temperature rise in the case of additional thermal road of 10W/m2
(Estimated by observation results at each tower)(Estimated by observation results at Osaka tower)

(Surface boundary layer heat budget)
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Surface heat budget on various urban
heat island measures technology
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Estimation results of air temperature reduction
Sensible heat flux reduction averaged in daytime and nighttime based on surface heat

budget model (averaged in each hour from 1 to 31 August 2006, at Osaka)
The difference with concrete in the case of roof, the difference with asphalt in the case of road

Air temperature reduction averaged in daytime and nighttime at Nanko (Coastal)
(averaged in each hour from 1 to 31 August 2006, at Osaka)

Air temperature reduction averaged in daytime and nighttime at Namba (Central urban)
(averaged in each hour from 1 to 31 August 2006, at Osaka)
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Evaluation tool for the effect of public benefit



Conclusions
• Methods based on the surface‒boundary layer model
are used for estimating the coefficient of heat
transfer from surface air to upper air by convection.

• The change in the surface air temperature with the
release of additional sensible heat flux into the
surface air is estimated using the convection heat
transfer coefficient.

• Urban heat island mitigation strategies are
implemented, and their effectiveness is evaluated by
estimating the decrease in the surface air
temperature in the night - and daytime.


